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I. Introduction
This paper discusses some recent areas of significant de-
velopment and progress in the field of telemedicine, with 
the purpose of identifying strong trends in both research 
and practice activities. These areas offer promise for further 
study and enhancement of applicable telemedicine methods 
and have the potential for large-scale deployments inter-
nationally, which would contribute significantly to the ad-
vancement of healthcare. We focus on telemedicine being “the 
use of telecommunications to diagnose and treat disease and 
ill-health” due to its specific target of medical applications, 
rather than the broader field of telehealth, which includes 
“surveillance, health promotion and public health func-
tions” (http://www.who.int/trade/glossary/story021/en/). 
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Nevertheless, we will first make some general comments 
about telehealth to provide an overall view of the healthcare 
systems setting in which to place the reviewed work which 
follows.
 The wide-scale adoption of telehealth dates from the 1990s, 
but its development in the early stage was constrained by 
the limited telecommunications infrastructure and the high 
cost of peripheral devices allowing user access. The twenty-
first century has seen an explosion in the availability of these 
aspects, and telehealth is taking advantage of this situation. 
Some elements of healthcare are now routinely delivered by 
telecommunications-based services in all developed coun-
tries and an increasing number of developing countries. 
Telemedicine is used in many clinical specialities and across 
numerous healthcare settings, which range from mobile 
patient-centric applications to complex interactions amongst 
clinicians in tertiary referral hospital settings. A 2009 survey 
conducted by the World Health Organization (WHO) [1] fo-
cused on four specialities, and found that teleradiology was 
the most common application, practised in 62% of WHO 
member states which responded to the survey. Telehealth 
adoption in Europe, the Americas, and South-East Asia was 
highest, while Africa and the Eastern Mediterranean had the 
lowest uptake. 
 Several classification schemes, or taxonomies, have been 
proposed to describe the context in which telehealth appli-
cations are found [2,3]. These generally include at least the 
three broad characterisations of the relevant clinical special-
ity concerned, the connectivity technology being used, and 
the care model being supported. The range of clinical appli-
cations has steadily expanded to include more complex and 
demanding specialities, such as intensive care or emergency 
medicine. From the technology point of view, the exponen-
tial expansion of telecommunications infrastructure is help-
ing to drive new telehealth technologies, especially as broad-
band becomes ubiquitous. New care models are sometimes 
a by-product of these technologies, and concepts such as 
patient centricity and networks of caregivers are emerging as 
healthcare trends driven at least in part by this technological 
explosion [4].
 A recent report [5] suggested that the global implementa-
tion of telehealth, as measured by either number of patients 
or revenue from services and technology sales, will increase 
tenfold between 2012 and 2018. This growth is driven largely 
by the rapid proliferation of mobile and home-based devices, 
which in turn is driven by the need for the cost-effective 
management of chronic and aging-related disease. Previ-
ous reviews that considered these new areas of telehealth, 
including the major topic of home monitoring and wearable 
devices [6], have identified some strong emerging trends 
in these technologies that will help to drive this continued 
growth. It is therefore appropriate to examine here the com-
plementary aspects of more traditional telemedicine areas, 
i.e., telehealth-based activities deployed in mainstream med-
ical settings, to establish a comparable set of trends. For the
remainder of this paper, we will adopt the term telemedicine
in our discussion to indicate that we are concerned with this
particular subset of telehealth.
II. Methods
1. Scope of Telemedicine
A distinction is made widely in telemedicine literature be-
tween systems on the basis of the immediacy of the interac-
tion (or response) aspects in the telemedicine service. Syn-
chronous or real-time systems support immediate interaction,
or at least response within a timeframe that all participating
parties would find an acceptable period for them to wait
(typically not more than a few minutes). The major advan-
tage of a synchronous approach is the efficiencies gained by
having the opportunity to refine details pertinent to the care
episode during the session, by seeking additional informa-
tion or data, and in many cases providing a clinical decision
or advice within the session. The typical video-consultation
between a doctor and patient is an example of a synchronous
model. Asynchronous or store-and-forward systems decouple
the components of the interaction so that they can occur at
different times (not usually defined ab initio) at the conve-
nience of the participating parties. This model still allows for
multiple component interactions to occur, but the effect of
the time separation may add overhead of required refresh-
ing of the episode context during this process. An efficiency
gain may nevertheless be obtained in asynchronous services
when the telemedicine task does not require to-and-from
interactions, and especially when it does not rely on direct
interaction with the patient throughout (e.g., telepathology
or teleradiology).
The constraints imposed by limited bandwidth availability 
which prompted the development of asynchronous services 
have now largely fallen away, so there has been a migration 
of some of these services to synchronous (or near-synchro-
nous). Where patient interaction with a clinician is neces-
sary, a previous tendency was to prefer synchronous tele-
medicine, which brings with it an imperative for scheduling 
or at least recruiting the participants in the same timeslot. In 
settings where the caregiver is non-clinical (e.g., community 
or family member), or when routine oversight is applied (e.g., 
on daily or weekly basis), this requirement can be relaxed to 
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allow surveillance activities to be performed independently 
in time from patient-carer encounters. 
2. Literature Search
To establish the breadth of new ideas and directions in the
realm of telemedicine, a review of literature was made by
searching PubMed for recent publications including terms
(telemedicine OR telehealth) AND (challenge OR direction
OR innovation OR new OR novel OR trend), for all search-
able categories. 3,433 publications were identified that have
appeared since January 1, 2005 (2,172 of these since January
1, 2010), based on a search conducted on June 1, 2015. A
simple keyword analysis of those deemed most relevant to
telemedicine showed that numerous clinical areas were ad-
dressed, but far fewer technologies. Table 1 summarizes the
main clinical areas covered, ranked by decreasing popular-
ity in terms of the number of publications returned by the
search.
Because of the broad range of telemedicine applications, a 
comprehensive review of the entire field is beyond the scope 
of this paper. Instead we will highlight a few important ap-
plications, based on the literature search results described 
above, that illustrate the current best practice and further 
development directions. As mentioned earlier, the extremely 
rapid growth in home and mobile-based applications will 
not be further discussed here. We also have not considered 
applications that are peripheral to mainstream medicine, 
such as educational or administrative services. For conve-
nience, we have grouped our selected applications into the 
areas of synchronous and asynchronous telemedicine.
III. Results
1. Synchronous Telemedicine
Early telemedicine developments were popularised around
the ‘teleconsultation’ model of delivering healthcare despite
a physically separated clinician and patient. This practice
has become widespread, and the associated behavioural and
technical issues have been well documented [7]. Economic
analyses have shown that cost effectiveness of synchronous
telemedicine vary widely according to the delivery setting [8].
Contemporary directions in synchronous telemedicine are
now addressing less obvious and less simplistic areas, where
high impact clinical benefits can be obtained at the expense
of more complex interactivity and a more sophisticated tech-
nical environment. The three examples given below offer dif-
ferent perspectives on this observation.
1) Intensive care
Telemedicine and medical informatics have, to a large extent,
evolved independently of one another, with telemedicine
having a focus on synchronous activity, while informatics
has a focus on patient data. Although convergence of these
disciplines has been seen as inevitable, few telemedicine ap-
plications reflect the rich data space increasingly associated
with each patient.
One telemedicine application that exemplifies the combi-
nation of time-critical interaction with substantial data is 
intensive care. While intensive care units exist in most hos-
pitals, there is a worldwide shortage of intensive care special-
ists (intensivists). For example, in the United States, it is es-
timated [9] that there are approximately 4,000 intensivists to 
staff the 4,000 adult intensive care units (ICUs) in the nation. 
Smaller ICUs must consequently operate without round-
the-clock intensivist support, below critical mass in either 
patient load or staffing numbers. Movement of patients to 
larger facilities is resource-intensive and highly disruptive to 
both patients and their families.
Where some local intensivist support is available, this can 
be supplemented by video consultation between the smaller 
ICU and larger units located in major hospitals. This pro-
vided the impetus for the ECHONET project, conducted 
by Australia’s Commonwealth Scientific and Industrial Re-
search Organisation between two centres in Tasmania [10]. 
Portable telemedicine units were deployed in one city-based 
ICU and one partially-staffed ICU in a rural centre. As well 
as bedside diagnostic procedures, such as live echocardiog-
raphy, the system supported a number of interactions across 
the two ICUs, ranging from ward rounds to decision support 
for patients in the rural hospital. High levels of satisfaction 
Table 1. Clinical areas for recent telemedicine innovation
Clinical area Popularity
Wound care Very high
Dermatology Very high
Ophthalmology High
Psychiatry High
Intensive care Moderately high
Emergency care Moderately high
Rehabilitation Moderate
Paediatrics Moderate
Orthopaedics Moderately low
Neurology Moderately low
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were recorded for the ability of the system to integrate a 
number of activities closely across the two geographically-
separated sites. Other benefits included enhanced training 
opportunities and reduced stress for staff in the rural ICU.
 An increasingly common scenario for ICU telemedicine is 
the effective outsourcing of all specialist intensivist activi-
ties to a major centre linked by telemedicine to client ICUs. 
Medical staff members in the peripheral ICUs are qualified 
to care for patients and perform hands-on procedures, but 
the patients are effectively managed by intensivists located 
in the control centre. This model is exemplified by the eICU, 
currently marketed by Philips. Intensivists may inspect the 
vital signs (including historical records) of any ICU patients 
and visually examine patients by cameras, which are remote-
ly controlled by the specialist and are sometimes incorpo-
rated in completely robotically-controlled mobile units. The 
system can also be programmed to generate an alarm when 
a particular adverse data combination is detected.
 Such systems are now deployed widely in the United States 
and are considered a highly effective way to deliver such spe-
cialist services. A recent review [11] showed that among 25 
studies, most showed some reduction in mortality following 
the introduction of the eICU, although the actual reduction 
exhibited a high variation across different projects. Many 
implementations demonstrated reduction in stress and 
‘burnout’ experienced by staff members who have to care for 
ICU patients without peer support.
 A rich and structured data stream provides opportunities 
for telemedicine systems to incorporate intelligent decision 
support. This is especially useful in environments in which 
large amounts of data are created continuously, and decisions 
need to be made in a time-critical setting. If telemedicine 
systems continue to converge with information management 
systems, the incorporation of such ‘smarts’ may become in-
creasingly common features of such systems.
2) Emergency medicine
An area of recent expansion in the use of telemedicine is 
emergency medicine. A typical scenario is that a patient is 
admitted to the emergency department of a rural hospital 
staffed by generalist physicians who may require specialist 
advice on the management of the patient. This is one of the 
most challenging situations for telemedicine, due mainly 
to the time-criticality of the decision-making (achieving 
treatment within the ‘golden hour’ since trauma) and the 
complete impossibility of scheduling such consultations. 
The information space is dense, and new information may 
be generated during the consultation. Telemedicine consul-
tations need to be undertaken at the point of care in busy 
emergency departments by staff who are working under 
stressful conditions with a high level of patient focus. In-
formation presented to the specialist can include multiscale 
views of the room and patient, vital signs, medical images, 
and interviews with all participants, including the patient 
and his/her family.
 One solution to this problem was the virtual critical care 
unit, developed jointly by Australia’s Commonwealth Scien-
tific and Industrial Research Organisation and Sydney West 
Area Health Service in the early 2000s [12,13]. Using a user-
centred design approach, a multi-camera broadband system 
linked a rural emergency department to a major tertiary re-
ferral hospital. The system was able to demonstrate improved 
decision-making for patient-management, especially for 
those patients in the ‘middle’ levels of trauma severity, where 
local management could be enhanced through specialist par-
ticipation [14]. A similar project in Arizona, USA connected 
a level 1 trauma centre in Tucson to five rural hospitals with 
minimal specialist support [15]. Although the sample size 
was too small for detailed analysis, the authors reported con-
siderable savings in the cost of transporting patients.
 The widespread availability of wireless broadband has 
made it possible to connect ambulances directly to specialist 
centres, moving the timing of triage to before presentation 
in an emergency department, although the requirement 
for widespread wireless coverage effectively limits such ap-
plications to urban areas. A recent study of 838 ambulance-
transported patients in Korea (of whom 188 were subject to 
in-ambulance monitoring) demonstrated that the choice of 
the treating hospital could be improved if physicians were 
made aware of continuous monitoring of vital signs [16].
 A success story within emergency telemedicine has been 
the use of telemedicine in acute stroke care, sometimes 
referred to as ‘telestroke’. Thrombolytic drugs, if delivered 
within a strict post-stroke time window, have demonstrated 
a high rate of reversal of many of the long-term effects of 
stroke. However, there is risk to the patient if these drugs are 
administered when stroke is not indicated, and the assess-
ment involves CT scans, blood tests, and an assessment of 
the patient’s neurological function. The neurological special-
ists qualified to make the decision on drug administration 
are sparsely distributed outside major cities in most coun-
tries with advanced healthcare systems, but recently their 
expertise has been increasingly exploited using telemedicine. 
 This application is highly time-critical (the delay limit for 
drug administration as about four hours from stroke onset) 
and requires the transmission of a variety of information 
types (including CT scans) as well as an interactive exami-
nation of the patient. There have been several large-scale 
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demonstrations of the efficacy of this technique. As an ex-
ample, in the TeleMedical Project for Integrative Stroke Care 
(TEMPiS) in Bavaria, Germany, between February 2003 
and December 2012, 54,804 strokes and transient ischemic 
attacks were treated in 15 regional hospitals, and 31,864 
teleconsultations were performed. Intravenous thrombolysis 
was applied to 3,331 of these stroke cases. The median onset-
to-treatment time was reduced from 150 to 120 minutes, and 
door-to-needle time was reduced from 80 to 40 minutes [17].
3) Mental health
As telemedicine incorporates an increasing diversity of tech-
nologies, a correspondingly wider range of clinical scenarios 
can be supported. One clinical speciality that illustrates this, 
possibly more than any other, is mental health, which in the 
context of telemedicine is often referred to as telepsychiatry 
or telemental health.
 Mental health is an increasing challenge for health sys-
tems worldwide. The World Health Organization [18] has 
estimated that 450 million people are affected by mental or 
behavioural disorders worldwide, and five of the ten leading 
causes of disability and premature death are associated with 
psychiatric conditions. The potentially fatal effects of depres-
sion and other mental conditions can be prevented or greatly 
attenuated with timely intervention, but this is difficult to 
implement, due to such factors as limitations in access to 
providers [19]. Most recently, the time-critical nature of 
some telemental health interventions has prompted innova-
tion in this long-established field.
 Generally, consultation in mental health takes the form 
of an interview between a practitioner and a patient, but 
conducting such consultations can sometimes be difficult 
without telemedicine technologies. Specialists and patients 
are often separated by large distances, there can be a stigma 
attached to attending facilities, and delayed intervention 
can lead to deterioration in a patient’s condition. Many such 
consultations need to take place in locations with limited 
access to appropriate clinical specialists, such as prisons and 
emergency departments of hospitals. There is a stigma at-
tached to seeking treatment for mental conditions, which 
creates further barriers between patients and those who can 
offer treatment.
 Telemental health services need to be tailored for an ex-
tremely diverse group of patients, with corresponding sub-
specialities among providers. Specific patient categories 
including paediatric, adolescent, and geriatric groups, often 
require different clinical approaches and, in the telemedicine 
setting, different technologies. For example, while the basic 
mental health consultation is an interview between clinician 
and patient, the ease of access provided by telemedicine can 
allow a single 50-minute consultation to be replaced by two 
or three shorter interviews [20]. Scheduling difficulties for 
both patient and clinician can be eased through the use of 
asynchronous consultations [19]. Standard interviews can be 
conducted through semi-specialist clinicians and reviewed 
by the specialist before evidence-based treatment is recom-
mended. The record of the interview becomes part of the pa-
tient’s record and facilitates reviews of the patients’ progress 
over time.
 The need to supply timely and sometimes frequent contact 
between clinician and patient is met by implementing home-
based telemental health (HBTMH) using the improved 
communications infrastructure present in many homes. A 
recent review paper [21] pointed out a number of benefits of 
HBTMH, including better adherence to appointments and 
medication, overcoming social isolation, access to contextual 
information such as the patient’s home situation, improved 
patient and practitioner safety, and removal of the fears of 
stigma attached to attending a mental health clinic. There 
appears to be little or no reduction in effectiveness compared 
with face-to-face consultations.
 The relative immediacy of HBTMH is further enhanced 
through the use of mobile devices. The ability to interact 
with a patient at virtually any time or place makes mobile 
devices especially useful in delivering mental health care. 
Furthermore, such devices can support a high degree of self-
management, and are especially well received by such groups 
as adolescents. A contemporary review [22] lists a number of 
activities in mental illness management facilitated through 
mHealth. Pre-treatment applications include educating pa-
tients before treatment and reaching groups who are reluc-
tant to access in-person services. During treatment, patients 
can receive location-dependent information and advice, as 
well as instructions and distractions for dealing with minor 
crises. In addition, such devices enable checking of adher-
ence to ‘homework’ regimes, symptom self-monitoring, ad-
ministration of therapy via automated ‘apps’, and scheduling 
of interviews at very short notice. Post-therapy, many condi-
tions require ongoing coaching and encouragement, which 
can be delivered by mobile apps as the patient steps down 
from the more intensive stage of treatment.
2. Asynchronous Telemedicine
The predominant characteristic of asynchronous telemedi-
cine is a time separation between one phase of the process 
and another. Whether for reasons of efficiency or to over-
come resource constraints, the net effect of this separation is 
that poor availability of a scarce physical or human resource 
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is overcome by careful management of the capture, storage, 
and transmission of information to accommodate that situ-
ation. In the examples considered here, various technical is-
sues arise, and various organisational solutions are adopted, 
demonstrating that both of these aspects are still significant 
factors in need of further attention if such solutions are to be 
developed.
1) Wound care
Clinical management of wounds makes up a substantial frac-
tion of day care and outpatient clinic activities in the acute 
sector, and it imposes a burden on home or aged care and 
outreach nursing activities. The need to inspect the patient’s 
condition approximately daily leads to significant workload 
and expense, while the benefits of personalizing the treat-
ment of the patient and achieving faster or better recovery 
can be substantial. Situations in which telemedicine has been 
reported recently as being used innovatively for wound care 
include postoperative wound management, trauma and ac-
cidental injury patients, burns, diabetes and other degenera-
tive diseases, pressure sores and ulcers, skin and subcutane-
ous procedures [23,24]. 
 The basic telemedicine approach in such situations has 
been the acquiring of digital images or video, which are pre-
sented either in real time or by store-and-forward to a clini-
cian, who advises on the best treatment given the patient’s 
treatment history and the appearance of the wound. The 
effectiveness of the approach depends closely on the qual-
ity and acquisition characteristics of the imagery. Technical 
aspects, such as image resolution, focus, and depth-of-field, 
as well as lighting, position of camera relative to the subject, 
and colour, are all important to ensure that there is enough 
information for accurate clinical assessment and judgement. 
These aspects are seldom systematized sufficiently in clinical 
situations to allow reliable control of the variability and pre-
diction of outcomes [25,26]. Furthermore, due to the wide-
spread availability of personal communication devices with 
inbuilt cameras, which allow ad hoc practices to emerge, the 
development of appropriate guidelines is imperative [27].
 An advantage noted in telewoundcare research has been 
the ease with which additional expert opinion for assess-
ment and treatment can be accessed by patients and carers 
through simple imaging approaches. This enables timely and 
informed clinical decisions, which can be important due to 
the wide range of conditions and severities possible. High 
levels of agreement (at least 80%) between experts have been 
reported for this approach in primary care [28] and nursing 
home [29] settings. More complex telewoundcare manage-
ment situations, such as pressure ulcers involving multiple 
carers, have also been shown to be comparable with conven-
tional practice [30]. 
 An area of wound care that has been in recent focus is the 
care of burns and related trauma situations. A driver for 
the use of telemedicine in these situations is a decrease in 
the number of specialist burns units, while in many cases 
transportation of the patient to a specialist site is undesir-
able. High levels of agreement between experts have been 
reported [31] for telemedicine, whereas referring physicians 
tended to make more pessimistic assessments. Studies in UK 
[32] and USA [33] suggest that routine institutional teleburn 
treatment management is feasible. 
2) Teledermatology
Teledermatology for the assessment of skin conditions is a 
challenging area in telemedicine due to the highly varied and 
specific nature of many types of conditions, distinguished 
by very subtle appearance features which demand careful 
visual inspection and experienced professional judgements. 
At the same time, the comparative scarcity of dermatologists 
makes it a natural candidate for an asynchronous telemedi-
cine service; indeed this demand has also prompted the 
emergence of synchronous services in some settings where 
a real-time decision would be advantageous. A recent study 
of teledermatology programs in the United States observed 
that sustainability of services in the study period since 2003 
had depended strongly on volume of case throughput [34]. 
In Australia, a national online consultation and educational 
service known as TeleDerm has operated for the past decade, 
providing asynchronous case advice with a 24-hour turn-
around [35].
 Adoption of teledermatology (including teledermatoscopy) 
has been widespread compared with other areas in telemedi-
cine, driven by the availability of numerous commercial 
products to acquire and analyze imagery [36], by the user 
satisfaction and positive attitude of dermatologists towards 
its uptake [37], and by the substantial evidence of its clini-
cal effectiveness [38-40]. It can also offer improvements in 
healthcare in settings with a substantial remote area popula-
tion like Australia [41], and in developing world situations 
where population size limits access to health services, like 
India [42]. A strong body of literature exists describing nu-
merous aspects of teledermatology [43].
 One of the most active areas for teledermatology develop-
ment and deployment has been in skin cancer screening, 
diagnosis, and treatment management [44]. It is accepted 
by many authors that the performance of teledermatology 
in this area is below that of direct clinical inspection, with 
typical reported accuracy of diagnosis rates of around 80%, 
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e.g., [45]. Recognition of potential melanoma and carcinoma 
from transmitted images was shown to have high sensitivity 
(98%) but low specificity (43%) [46], resulting in excessive 
referrals. A subsequent study reported that teledermatology 
was overall inferior to clinical dermatology in diagnostic 
accuracy [47]. It remains challenging to improve on this per-
formance and so reduce the extent of unnecessary follow-up 
clinical consultations.
 Despite its reliance on the quality of image acquisition 
technology, teledermatology is deemed to be a good candi-
date for mobile services based on the use of tablet computers 
and smartphones, and several recent papers have discussed 
this aspect especially in the context of skin cancer screening. 
The appeal of the simplicity and universality of this solution 
[48] and its suitability for transfer of dermoscope imagery 
[49] make it appealing, and it has been claimed that accu-
racy of 81% is achievable [50], consistent with conventional 
teledermatology. Cautionary commentary has also appeared 
suggesting that results obtained with publicly available 
smartphone dermatology applications may be highly vari-
able and unreliable [51]. This suggests that further study is 
warranted in this new technology arena, and perhaps certi-
fication or accreditation processes should be instituted for 
mobile software products that have clinical usage.
3) Teleophthalmology
Diseases and other conditions affecting the eye have a sub-
stantial impact on the quality of life of the individuals af-
fected, especially as many left undiagnosed and untreated 
can experience deterioration in eyesight and even blindness. 
Especially in remote areas and developing countries, the loss 
of productivity and opportunities due to diminished vision 
could be avoided by the provision of regular, frequent eye 
care. While teleophthalmology generally requires special-
ised imaging equipment, it is non-invasive and not reliant 
on direct clinical expertise in the image acquisition process, 
which makes it easier to achieve cost-effectiveness in large-
scale population-wide circumstances.
 A major application area for teleophthalmology is diabetic 
retinopathy, often in a setting of repeated screening of dia-
betes patients for signs of deterioration. Its clinical efficacy 
has been established [52] and more recently, analysis of its 
economic viability has been undertaken [53,54]. The devel-
opment of an open-source system, EyePACS [55], support-
ing diabetic retinopathy as well as other ocular disorders on 
a variety of platforms, has encouraged widespread adoption 
of the telemedicine approach [56]. 
 Other promising applications for teleophthalmology in-
volve the support of public health screening programmes for 
ocular health. Fundamental acuity testing has been seen as a 
suitable candidate for remote delivery using computer-based 
tools [57], and it has been shown to deliver performance 
comparable to that of human testers [58]. Other applications 
reported to be suitable for telemedicine include blurred vi-
sion [59] and degenerative eye diseases [60]. Recent interest 
has been shown in using smartphones in place of specialised 
equipment where feasible [61].
IV. Conclusion
In 2015, we are seeing telemedicine evolve from a technol-
ogy-driven novelty to an essential component of healthcare 
delivery in a number of specialities and fields. This is in-
creasingly based on the utility of the applications rather than 
response to a technology push, and there is increasing de-
mand for system-wide implementations rather than further 
unsustainable and unscalable pilots. In this paper, we have 
reviewed a number of clinical application areas, and two 
trends which are immediately apparent are implementations 
which demonstrate:
 1) High volume, in which it is increasingly difficult to 
physically co-locate the patient and their associated data 
on the one hand, and the expertise to deal with that data 
on the other. Such co-location can occur in time as well 
as in space, which will continue to create demand for 
asynchronous telemedicine, as discussed in Section III 
of this paper. Increasing pressure on health systems to 
deliver high-quality healthcare within strict financial 
constraints will drive this trend to leverage healthcare 
resources more effectively.
 2) High criticality applications, where specialist expertise 
needs to be made available at the point of care within 
a very strict time frame. This is exemplified in emer-
gency telemedicine, but it is also true of some mobile 
and home-based applications, such as telemental health, 
where patient-initiated contact with a health profes-
sional can avert potentially disastrous deterioration of 
the patient’s condition.
 In most developed countries, the increasing availability of 
reliable broadband communications and user interface de-
vices has effectively removed the cost and availability of this 
technology as a barrier to the uptake of telemedicine. One 
consequence has been the ability to provide telemedicine 
on a wide variety of delivery devices. For example, specialist 
consultation services may be delivered through high defini-
tion videoconferencing or through mobile phones. Increased 
use of wireless communication is permitting telemedicine 
to be used more easily at the point of care rather than in a 
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videoconferencing setting. Telemedicine interactions may 
be performed at a patient’s bedside in an emergency depart-
ment, in an ambulance, or even at the location of a trauma. 
Such applications are especially valuable when patients can-
not be moved easily. It also makes telemedicine more likely 
to be used in time-critical applications, such as the treatment 
of stroke.
 Telemedicine is now working in a richer information space 
than in the 1990s. Telemedicine systems are often coupled 
with peripheral devices, such as ophthalmoscopes, and even 
camera-based systems are making use of multiple views, 
some of which can be high definition. A range of multi-
dimensional medical images (such as 3D CT or real-time 
ultrasound) might also need to be transmitted as part of 
the telemedicine consultation. Of course, the data space 
associated with a patient extends beyond the information 
transmitted as part of the telemedicine consultation. Health 
informatics has evolved largely independently of telemedi-
cine, but telemedicine systems are already evolving to work 
in an environment of complex digital information. This is 
especially true of intensive care applications, where current 
and previous vital signs records form part of the information 
space for each patient. The distinction between the telemedi-
cine consultation and the patient record is already blurred 
in telepsychiatry, but the convergence of telemedicine and 
medical informatics is likely to make this distinction even 
less relevant in the future.
 As alluded to earlier in this paper, telemedicine is likely to 
evolve with developments associated with three ‘dimensions’ 
of the telemedicine space: technology, clinical applications, 
and care models. Telemedicine has tended to follow fixed 
models of care, based either on replicating conventional care 
delivery methods (e.g., videoconferencing replacing face to 
face live consultations) or introducing new methods (e.g., 
home-based patient health status monitoring). One recent 
trend has been the evolution of hybrid models of care de-
rived by changing some aspects of the telemedicine solution 
to introduce a significant variation. Examples include store-
and-forward teleconsultations, and telerehabilitation therapy 
in the home. Another trend has been the adoption of tele-
medicine on a greater scale by certain clinical disciplines, 
such as critical and emergency care, or chronic disease man-
agement. Often, this recent adoption has been due to the de-
velopment of a new technological solution (e.g., storage and 
rapid backend processing of large datasets) that makes this 
practical.
 More broadly, telemedicine has the potential to both cata-
lyze and benefit from the introduction of new care models. 
Many of the barriers to telemedicine expansion lie in this 
domain rather than technology, which has, if anything, out-
paced telemedicine applications [62]. Discussions of future 
healthcare models often focus on the concept of ‘patient cen-
tricity’, and the expansion of telehealth into self-management 
and home and mobile-based applications will certainly form 
part of this trend. As healthcare models evolve, telemedicine 
is more likely to fulfil a role in transforming healthcare by 
increasing the capacity for clinical professionals to interact 
with patients and carers.
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